IMPORTANCE Cellulitis is a commonly occurring skin and soft tissue infection and one of the most frequently seen dermatological diseases in the intensive care unit (ICU). However, clinical characteristics of patients with cellulitis requiring intensive care treatment are poorly defined. Necrotizing fasciitis is often confused for cellulitis at initial presentation and is considered to be more severe and thus has previously been described in more detail.
S kin and soft tissue infections, in particular cellulitis, are among the most common infections leading to hospitalization. 1, 2 Skin and soft tissue infections account for 7% of infections in patients admitted for sepsis in the intensive care unit (ICU). 3 The 2 most prevalent skin and soft tissue infections in the ICU setting are cellulitis and necrotizing fasciitis (NF). 4 While there are numerous reports on critically ill patients with NF, little is known about patients with severe (here defined as ICU-necessitating) cellulitis, who account for less than 2.5% of all patients hospitalized for cellulitis. 5 By examining a large prospective ICU cohort, our aim was to provide insight into the clinical presentation and outcome of patients admitted to the ICU because of severe cellulitis. At first presentation, severe cellulitis and NF are often indistinguishable. Therefore, as a comparator, we also examined all patients admitted to the ICU with NF.
Methods
This was a substudy of the "Molecular Diagnosis and Risk Stratification of Sepsis" (MARS) project, a prospective observational study in 2 tertiary ICUs. 6 All adult patients expected to stay more than 24 hours admitted between January 2011 and January 2014 were included via an opt-out method approved by the institutional review boards of both hospitals; participants were informed about the study by a brochure provided at ICU admission with an opt-out card that could be completed by the patient or a legal representative in case of unwillingness to participate. For every patient the plausibility of an infection was assessed (ie, "none," "possible," "probable," and "definite") using consensus definitions as described (eMethods and eTable 1 in the Supplement). Patients with a possible, probable, or definite cellulitis or soft tissue infection were selected, and an independent researcher performed a retrospective medical record review to determine an exact diagnosis and primary reason for each included ICU admission (eMethods in the Supplement). Thus, patients were marked as admissions for severe cellulitis, NF, another diagnosis but with cellulitis as a comorbidity, or excluded because they had neither cellulitis nor NF. Detailed methods are available in the eMethods in the Supplement.
Results
Of 2562 sepsis admissions, 101 with cellulitis or soft tissue infection as primary or secondary diagnosis met our selection criteria (3.9%); 26 with possible, 13 with probable and 62 with definite likelihood. Retrospective medical review of these patients led to the identification of 23 patients with severe cellulitis (0.9%; 6 initially scored as possible; 3, probable; and 14, definite) and 31 patients with NF (1.2%; 1 initially scored as possible; 30, definite). Twenty-five patients were admitted with another primary diagnosis but had cellulitis as comorbidity and were not analyzed further. Twenty-two patients did not meet the criteria for cellulitis or NF and were excluded (eTable 2 in the Supplement).
Baseline characteristics between patients with severe cellulitis and NF were comparable in terms of age and race ( Table 1) . No statistically significant difference was seen in body mass index (32.4 for cellulitis vs 27.3 for NF [calculated as weight in kilograms divided by height in meters squared]; P = .06). Compared with NF, patients with severe cellulitis were more often medical admissions (65.2% vs 29.0%; P = .01) and had more chronic comorbidities (87% vs 54.8%; P = .02), especially cardiovascular insufficiencies (43.5% vs 12.9%; P =.02) and immunodeficiencies (39.1% vs 9.7%; P = .02).
On ICU admission, patients with severe cellulitis had mean APACHE IV scores comparable to patients with NF, but their mean sequential organ failure assessment (SOFA) scores were slightly lower (8 vs 10; P = .046), and fewer had shock (30.4% vs 61.3%; P = .03) or need for mechanical ventilation (52.2% vs 93.5%; P = .003). Most severe cellulitis cases involved the lower extremities while NF presented mainly in the upper body. Serum C-reactive protein, leukocyte, creatinine and lactate levels were comparable between groups.
Six patients with severe cellulitis and all patients with NF underwent surgery, resulting in 1 and 2 amputations, respectively. The amputation for the patient with severe cellulitis was due to arterial occlusion, not infection. Other patients with severe cellulitis surgery indications were for ruling out NF (3 patients), cutaneous fistula closure (1 patient), and abscess drainage (1 patient). Two patients with severe cellulitis (8.7%) and 15 patients with NF (48.4%) received at least 1 dose of intravenous immunoglobulins.
No significant differences were observed regarding ICUacquired complications (acute myocardial, kidney or lung injury, ICU-acquired weakness, or pneumothorax), occurring in 13% of patients with severe cellulitis vs 22.6% of patients with NF (P = .47). Length of ICU stay was shorter for patients with severe cellulitis (Table 2) . Remarkably, no significant differences were seen for ICU mortality, in-hospital mortality, and 30-day and 90-day mortality. In-hospital observed mortality is consistent with APACHE IV predictions, with standardized mortality ratios for severe cellulitis (0.93) and NF (1.03) approximating 1.0.
A sensitivity analysis, excluding patients with possible likelihoods, shows similar results (eTable 3 in the Supplement).
Key Points
Question How do the clinical presentation and outcomes of patients with cellulitis who require intensive care compare with those of patients with necrotizing fasciitis?
Findings In this cohort study of 2562 sepsis admissions to intensive care units at 2 tertiary hospitals in the Netherlands, 23 patients admitted for cellulitis and 31 patients admitted for necrotizing fasciitis were included in this study. Fewer patients with cellulitis had shock and fewer needed mechanical ventilation, but patients with cellulitis had more chronic comorbidities; in-hospital and 90-day mortality were similar.
Meaning Physicians should be aware that patients admitted to the intensive care unit for cellulitis and necrotizing fasciitis have similar mortality risks, despite differences in initial presentation.
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Discussion
Our objective was to describe the clinical characteristics and outcomes of patients admitted to the ICU for severe cellulitis in comparison with patients admitted for NF. Using a unique, well-documented prospective cohort of critically ill patients with sepsis, we found that patients with severe cellulitis have similar in-hospital and long-term mortality rates when compared with patients admitted for NF. Compared with NF, severe cellulitis patients were less severely ill on ICU admission as reflected by a lower occurrence of shock, need for a Multiple locations included lower extremity and torso (n = 1), upper extremity and torso (n = 1), upper and lower extremity (n = 1) in severe cellulitis; and lower extremity and torso (n = 2), upper extremity and torso (n = 1) in necrotizing fasciitis.
mechanical ventilation, and presence of organ failure, despite more chronic comorbidities. The in-hospital mortality rate of the patients with severe cellulitis and NF included in our study was 26% and 23%, respectively. George et al 3 also reported similar, albeit higher, mortalities, of 43% and 42% for severe cellulitis and NF. They attributed their high mortality to selection of the severest cases due to scarcity of critical care resources in the United Kingdom. 3 One review of 67 studies 7 found an overall NF mortality of 23.5%. In another report 8 describing ICU admissions due to suspected NF, 12 patients were eventually diagnosed with cellulitis, none of whom died. However, none of those 12 patients were in shock, and only 2 required mechanical ventilation, suggesting that they might have been less ill than the patients in our study. While patients with severe cellulitis at presentation were less sick in comparison with NF patients, both their inhospital and long-term mortality were similar. Our data suggest this discrepancy may be explained by a higher frequency of chronic comorbidities in patients with severe cellulitis. This is in line with previous studies on the subject. [9] [10] [11] To our knowledge, this study is the first to describe detailed clinical characteristics and outcomes of patients with severe cellulitis and provides a context by comparing those clinical characteristics with those of patients with NF. One of the strengths of our study is the prospective data collection and retrospective in-depth diagnostic review, improving the accuracy of severe cellulitis and NF as primary diagnosis for ICU admission and lowering the risk of information bias. There is also a low selection bias risk as all consecutively admitted patients were enrolled. Municipal mortality data ensured a reliable reporting of long-term mortality.
Limitations
This study has limitations. The number of patients with severe cellulitis and NF in this large cohort was limited. Because multiple variables were analyzed, we are subject to the effects of multiple testing and thus potential type I errors. 
Detailed study methods
For every admitted patient, the plausibility of an infection was assessed using a 4-point scale (ascending from none, possible, probable, to definite) using Center for Disease Control and Prevention and International Sepsis Forum consensus definitions, 1,2 making use of all clinical, radiological, and microbiological data, as described in detail. Shock was defined by the use of vasopressors (noradrenaline) for hypotension in a dose of >0.1 µg/kg/min during at least 50% of the ICU day. Acute kidney injury and acute lung injury were assessed using strict preset criteria. 8, 9 ICU-acquired complications were defined as events that started 2 days or more after ICU admission. The Municipal Personal Records Database was consulted to calculate long-term survival.
During recruitment, skin infections were clustered by research physicians into the following categories; cellulitis, soft tissue infection, decubitus infection, superficial surgical site infection, or deep surgical site infection. Patients classified with a possible, probable or definite cellulitis or soft tissue infection diagnosed within 24 hours after ICU admission were selected in this substudy (Table S1 ). Readmissions to the ICU within the same hospital admission, or within 30 days after the first hospital admission, were excluded. Retrospective clinical chart review was performed, using admission and discharge letters, emergency room, ward and ICU charts, and surgical and pathologicalanatomical findings.
Patients with soft tissue infection with intra-operative surgical findings (e.g. lack of resistance of adherent fascia, lack of bleeding, dishwasher fluid, necrotic tissue) and/or histological findings consistent with NF; or patients who were transferred from another hospital with a confirmed NF diagnosis and/or had additional positive histology in our hospitals, were marked as having NF.
Patients with soft tissue infection without signs of NF during exploratory surgery, and/or whose records indicated that they were admitted to the ICU for cellulitis without suspicion of NF, were marked as having severe cellulitis.
Patients who received antibiotics for cellulitis, but had an alternative diagnosis as primary reason for ICU admission, were marked as having cellulitis as comorbidity and not analyzed further.
Patients prospectively categorized as cellulitis or soft tissue infection, but who did not have cellulitis or NF, e.g. varicella zoster or myositis, were excluded (Table S2) 
